We investigated the effects of physical exercise and green tea supplementation (associated or not) on biochemical and behavioral parameters in the time course of normal aging. Male Wistar rats aged 9 months were divided into groups: control, physical exercise (treadmill running), and supplemented with green tea while either performing physical exercise or not. A young control group was also studied. Physical exercise and green tea supplementation lasted 3 months. Afterwards, behavioral and biochemical tests were performed. Biochemical measurements revealed differences in antioxidant and oxidant responses in hippocampus, prefrontal cortex and striatum. Behavioral testing showed age-related memory impairments reversed by physical exercise. The association of green tea supplementation and physical exercise did not provide aged rats with additional improvements in memory or brain oxidative markers. Green tea per se significantly decreased reactive oxygen species levels and improved antioxidant defenses although it did not reverse memory deficits associated with normal aging.
Introduction
Oxidative stress is a biological phenomenon associated with a range of degenerative diseases observed during aging, including those resulting in learning and memory deficits (Fukui et al., 2001; Serrano and Klann, 2004) . Age-related deficits may be associated with structural and functional changes in macromolecules and cell membranes, which, at least in part, result from direct or indirect effect of free radicals and reactive oxygen species (ROS) (Cui et al., 2012) . Regular physical exercise is an efficient strategy to protect the brain functions against deficits associated with the aging process (Asl et al., 2008) .
ROS generated during sessions of aerobic exercise contribute to the long term adaptation to aerobic training, which improves both enzymatic and non-enzymatic antioxidants (Andrews, 1965) . However, low adherence to physical exercise programs in the general population increases interest in behavioral or pharmacological interventions aiming to minimize ROS, especially among aged subjects not able to exercise regularly. In this regard, nutritional interventions are a frequent strategy to improve ingestion of antioxidant substances (Morillas-Ruiz et al., 2006) .
A natural compound often included in the daily diet of the general population is the green tea (Camellia sinensis). Green tea (GT) contains a large amount of catechins (30-40% of dry weight), a polyphenol with potential antioxidant activity (Berube-Parent et al., 2005) . Among elderly population, the regular ingestion of GT has been described as frequent, especially in the Mediterranean and Asian diets (Stefani and Rigacci, 2014) . Specifically in the Asian countries, such as China (Tseng and Hernandez, 2005) and Japan (Hayasaka et al., 2013) , which is the major tea producing country. Catechins are the major components of GT, and its intake has been associated with a variety of beneficial health effects, including neuroprotective effects in Alzheimer and Parkinson disease (Bastianetto et al., 2006; Hu et al., 2007; Kim et al., 2010; Mandel et al., 2008; Rezai-Zadeh et al., 2008 Singh et al., 2008) . This effect is associated with the activity of epigallocatechin gallate (EGCG), a major constituent of GT, which has been investigated for its preventive and therapeutic potential role in cerebral aging, as well as in the progression of neurodegenerative diseases in the aging (Assuncao et al., 2011; Unno et al., 2004; http://dx.doi.org/10.1016/j.neuint.2014.08.008 0197-0186/Ó 2014 Elsevier Ltd. All rights reserved.
2007). A former epidemiological study (Feng et al., 2010) suggested that both black and green tea consumption were associated with better cognitive performance. Despite of this, more intervention trials and large prospective studies are needed to further assess the relation of GT ingestion and the development, for example, of Alzheimer's disease.
Considering combined interventions, regular physical exercise has been associated with ingestion of GT to reduce exerciseinduced muscle damage (Haramizu et al., 2013) . This was described to be dependent on the antioxidant potential of GT (Haramizu et al., 2011) after long term treatments (Haramizu et al., 2011) but not after single doses (Jowko et al., 2012) . However, the biochemical and behavioral effects of GT supplementation associated with regular physical exercise on cognition have been briefly addressed (Gibbons et al., 2014; Schimidt et al., 2014) . It has been suggested that effects of exercise on brain can be enhanced by concurrent consumption of natural products such as omega fatty acids or plant polyphenols (van Praag, 2009 ). These interventions could involve similar cellular pathways important for neurogenesis, cell survival, synaptic plasticity and vascular function. Therefore, any positive association of long term GT intake and physical exercise could have important implications as both constitute low cost interventions. Here we studied the specific effect of exercise and GT, either combined or not, on the prevention of memory impairment and brain oxidative damage related to aging in rats.
Material and methods

Animals and experimental design
Male Wistar rats were purchased from Central Vivarium of Federal University of Santa Maria (RS/Brazil). During all the experimental period, they were housed three per cage (dimensions 50 Â 60 Â 22 cm) and maintained under controlled light and environmental conditions (12 h light/12 h dark cycle; temperature of 23 ± 2°C; humidity 50 ± 10%) with food and water ad libitum. All experiments were conducted in accordance with the ''Principles of laboratory animal care' ' (NIH publication n°80-23, revised 1996) and in agreement with the guidelines established by the Institutional Animal Care and Use Committee of the Local Institution (IRB #0422012) to ensure that number of rats and their suffering were kept to a minimum. During the experiment, the weight of each rat and liquid consumption for each house cage were measured once a week. When rats were 9 months of age, they were divided into 4 groups: aged group (n = 16), exercise aged group (n = 18), green tea supplementation aged group (n = 18) and exercise and green tea supplementation aged group (n = 21). Moreover, at the time of memory and biochemical testing, a group of rats 2 month-old rats control group not submitted to any intervention was also studied (n = 10).
After memory testing, rats from all groups were euthanized using a rodent guillotine. Anesthesia was not used due to its effects on central nervous system (Tan et al., 2012) . The brain was removed and the areas of interest were quickly dissected out on an inverted Petri dish, and homogenized in buffer solution for posterior brain tissue preparation and biochemical analyses. Biochemical analyses permitted to quantify the concentration of glutathione (GSH), reactive oxygen species levels (ROS), thiobarbituric acid reactive substances (TBARS) and glutathione peroxidase (GPx) activity.
NADPH, 2 0 ,7 0 -dichlorofluorescein diacetate (DCFH-DA) and GSH reagents were purchased from Sigma (St. Louis, MO, USA). Other reagents used in this study were of analytical grades and obtained from standard commercial supplier. Experiments followed the experimental designed illustrated in Fig. 1 .
During the behavioral tests, which were necessary to perform before biochemical analyses, interventions were sustained.
Experimental groups and conditions
Aged control group
Rats in the aged control group had access to food and water ad libitum. They were free to move and manipulated daily in parallel to rats from other groups.
Exercise aged group
Rats in this group had access to food and water ad libitum. They were submitted to the physical exercise intervention. Physical exercise was individual treadmill running performed at an intensity of 60-70% maximal oxygen uptake (VO 2 ) (belt velocity between 9 and 13 m/min), in sessions lasting 30 min, 5 times a week, always in the same period of day, in light time period (Andrews, 1965) . In the week previous to the onset of intervention, rats performed daily treadmill running for 10 min to habituate before performing the first VO 2 test. To determine the individual intensity of exercise, we conducted an indirect VO 2 test, consisting in a treadmill running, starting with low velocity increased in 5 m/ min steps every 3 min, until the rat was unable to keep running. The time to fatigue (min) and work volume (m/min) were considered as an indirect measure of maximum oxygen consumption, as described elsewhere (Cechetti et al., 2012; Costa et al., 2012) . In the middle of exercise intervention (week 6), an additional indirect VO 2 test was conducted to adjust the exercise intensity for each rat. At the end of the exercise intervention (week 12), a last indirect VO 2 test was performed. The last indirect VO 2 test was performed to ensure that there was an improvement in aerobic condition of the rats after the exercise intervention.
Green tea supplementation aged group
Rats in this group received food and GT. They received GT mixed with drinking water (13.33 g/L), as described elsewhere (Mustata et al., 2005) . Food and GT were ad libitum and rats were free to move and manipulated daily. GT was prepared daily in the early morning, and administered at room temperature. For tea preparation, 750 ml of water were boiled and then rest until temperature was 90°C. Afterwards, an infusion of GT (10 g) was muffled for 3 min and allowed to rest. Finally, tea was filtered using filter paper in a container immersed in ice. Once tea was cold, it was distributed in bottles protected from light at environment temperature.
GT samples (Madrugada Co.) used in this study were purchased from standard markets and analyzed by spectrophotometry using the Folin-Ciocalteu method modified (Chandra and De Mejia Gonzalez, 2004) , which measured the total polyphenols content (at a concentration of 819.5 lEq GAE/mL), and by high-performance liquid chromatography, which measured the presence of epicatechin (concentration of 83.35 lg/mL), epigallocatechin gallate (299.56 lg/mL) and epicatechin gallate (86.05 lg/mL).
Exercise and green tea supplementation aged group
Rats from this group exercised as described for the exercise aged group, and received green tea as described for the green tea supplementation aged group.
Young control group
Rats from this group were 2 months old and served as a control to verify effects of aging. They were housed as the others groups with food and water ad libitum. They were free to movement and daily manipulated in the same form of rats from other groups.
Behavioral testing 2.3.1. Object recognition memory test (OR)
Training and testing in the object recognition (OR) task were carried out in an open-field arena (50 Â 50 Â 50 cm) built with polyvinyl chloride plastic, plywood and transparent acrylic (Ennaceur and Delacour, 1988) . Rats were first habituated individually in the apparatus and left to freely explore it for 20 min during 4 consecutive days before the training. In the training session, two different objects (A and B) were placed in the apparatus and rats were allowed to explore them freely during 5 min. The objects were made of metal, glass, or glazed ceramic. Exploration was defined as sniffing or touching the objects with the nose and/or forepaws. Sitting on or turning around the objects was not considered an exploratory behavior. A video camera was positioned over the arena, and the rats' behavior was recorded using a video tracking and analysis system for offline evaluation. After 24 h, in the test session, one of the objects was randomly exchanged for a novel object (C) and the rats were reintroduced into the apparatus during 5 min. To avoid confounds by lingering olfactory stimuli and preferences, the object and the arena were cleaned after testing each animal with 70% ethanol. The time spent exploring the familiar and the novel object was recorded. Afterwards, the discrimination index was calculated taking into account the difference of time spent exploring the new (Tnovel) and the familiar (Tfamiliar) objects ([(Tnovel À Tfamiliar)/(Tnovel + Tfamiliar)] Â 100 (%)), and used as a memory parameter (Damgaard et al., 2010; MelloCarpes and Izquierdo, 2013; Nava-Mesa et al., 2013) .
Inhibitory avoidance/aversive memory test (IA)
Rats were trained in a one-trial step-down inhibitory avoidance task. The training apparatus was a 50 Â 25 Â 25 cm plexiglass box with a 5 cm-high, 8 cm-wide, and 25 cm-long platform on the left end of a series of bronze bars which made up the floor of the box. For training, animals were placed on the platform facing the left rear corner of the training box. When they stepped down and placed their four paws on the grid, received a 2 s, 0.5 mA scrambled footshock. Memory retention was evaluated in a no reinforced test session carried out 24 h after training. Latency testing data were compared between groups to verify memory retention. In addition, differences between testing and training latencies were evaluated (Rosa et al., 2013; Vargas et al., 2014) .
Open field, plus maze and tail flick
To analyze exploratory and locomotor activities and ensure that any procedure impaired such behaviors, altering the memory tests results, after 3 months of intervention each rat was placed on the left quadrant of a 50 Â 50 Â 39 cm open field made with wooden pained white, with a frontal glass wall. Black lines were drawn on the floor to divide it into 12 equal quadrants. Crossing and rearing, as measures for locomotor activity and exploration, respectively, were measured over 5 min (Bonini et al., 2006) . To evaluate anxiety state rats were exposed to an elevated plus maze (Pellow et al., 1985) . The time spent into the open arms was recorded over a 5 min session. To ensure the inhibitory avoidance testing efficacy, nociception was measure using tail flick test (Tjolsen et al., 1989) . In the tail flick test, pain was induced by giving infrared light on the tail of the rat 5 cm away from the tip of the tail. Reaction time (tail-flick latency) was noted by observing the interval between placing the tail on the infrared light source and the withdrawal of the tail. Data from these tests were compared between the groups to ensure all rats presented any impairment in behavior that could affect the variables of interest in our study.
Biochemical testing
Response of some antioxidant markers (GSH and GPx) to exercise may differ between brain regions (Somani et al., 1995) . Therefore, we analyzed biochemical markers in three different regions of the brain that are related to memory (striatum, prefrontal cortex and hippocampus). The hippocampus is one of the most important structures involved on all types of memory processes, especially in the declarative ones (Izquierdo and Medina, 1995) . In this sense, the recognition and aversive memories share some characteristics, both depends on hippocampus, but object recognition memory depends more on prefrontal cortex activity (Barker and Warburton, 2013; Feld et al., 2014; Lopez-Ramos et al., 2012) , whereas inhibitory avoidance learning, even though involving prefrontal cortex, also requires significant activity of other structures such as the amygdale and striatum (Chau and Galvez, 2012; Ehrlich et al., 2009 ).
Tissue preparation
For the preparation of brain tissues, the rats were euthanized 24 h after the behavioral experiments were finished. The brain was removed and the hippocampus, prefrontal cortex and striatum were quickly dissected out on an inverted Petri dish and homogenized in 50 mM Tris HCl, pH 7.4, (1/10, w/v). Afterwards, samples were centrifuged at 2400g for 20 min at 4°C, and supernatants (S1) obtained were used for assay.
Detection of TBARS level
Lipoperoxidation was evaluated by the thiobarbituric acid reactive substance (TBARS) test (Ohkawa et al., 1979) . One aliquot of S1 was incubated with a 0.8% thiobarbituric acid solution, acetic acid buffer (pH 3.2) and sodium dodecyl sulfate solution (8%) at 95°C for 2 h, and the color reaction was measured at 532 nm. Results were expressed as nmol of malondialdehyde (MDA) per mg protein.
Glutathione peroxidase
Glutathione peroxidase (GPx) activity was measured spectrophotometrically (Wendel, 1981) in a system containing GSH/ NADPH/GR by dismutation of H 2 O 2 at 340 nm. S1 was added in GSH/NADPH/glutathione reductase system and the enzymatic reaction was initiated by adding H 2 O 2 . In this assay, the enzyme activity is indirectly measured by means of NADPH decay. H 2 O 2 is decomposed generating GSSG from GSH. GSSG is regenerated back to GSH by glutathione reductase presents in the assay media at the expenses of NADPH. The enzymatic activity was expressed by the consumption of NADPH expressed as nmol/min/mg of protein.
Glutathione (GSH)
GSH levels were determined fluorometrically (Hissin and Hilf, 1976 ). An aliquot of S1 was mixed (1:1) with perchloric acid (HClO 4 ) and centrifuged at 3000g for 10 min at 4°C. After the centrifugation, the protein pellet was discarded and free-SH groups were determined in the clear supernatant. An aliquot of supernatant was incubated with ortho-phthalaldehyde, and fluorescence was measured at excitation of 350 nm and emission of 420 nm. Results were expressed as nmol g À1 of tissue.
Reactive oxygen species (ROS) levels
ROS content was assessed by a spectrofluorimetric method using 2 0 ,7 0 -dichlorofluorescein diacetate (DCFH-DA) as a probe.
The sample (S1) was incubated in darkness with 5 lL DCFH-DA
(1 mM). The oxidation of DCHF-DA to fluorescent dichlorofluorescein (DCF) was measured for the detection of intracellular reactive species.
The formation of the oxidized fluorescent derivative (DCF), measured by DCF fluorescence intensity, was recorded at 520 nm (480 nm excitation) 1 h after the addition of DCFH-DA to the medium. Results were expressed as AU (arbitrary units).
Statistical analysis
Data were first checked for normality of distribution. Daily intake of water and animals' weight were compared between days for the experiment duration using one-way ANOVA. Mean weight was compared between the start and at the end of interventions using a t-test. The discrimination index of the OR task and IA results were compared by Kruskal-Wallis test followed by individual Mann-Whitney tests for comparisons between specific groups. In OF, PM and TF tests the data were analyzed using ANOVA with Duncan post hoc when necessary. Biochemical results were compared between the aged control and the intervention groups by t-test. The differences were considered statistically significant when P < 0.05.
Results
Animal weight and fluid intake
The individual weight of the rats at the start and end of interventions was similar between the groups (P > 0.05, one-way ANOVA). Water or green tea intakes were similar between the groups (P > 0.05; t-test).
Behavioral results
Object recognition memory
In the control aged group a significant decrease of discrimination index for novel object was observed when compared to young group (P = 0.040, Fig. 2 ). Importantly the aged exercise group presented a significantly higher discrimination index than control aged group (P = 0.048, Fig. 2) . Also, the aged group submitted to exercise and GT supplementation presented a significant higher discrimination index than the control aged group (P = 0.044, Fig. 2) .
As shown by the similar total exploration time in the test session between all groups (Table 1, exploration time in OR test), all rats dedicated time to the new object, and young rats and rats from some interventions groups spent a longer time exploring the novel object.
Inhibitory avoidance
In the inhibitory avoidance task, rats from all groups presented similar step down latency in the training session (P = 0.850; Kruskal-Wallis test, Fig. 1A training) .
In the test session, aged rats presented significantly lower step down latencies than young (P = 0.042; Mann-Whitney test, Fig. 3A ). Among the aged groups, only the exercise aged group showed enhanced latencies (P = 0.044; Mann-Whitney test, Fig. 3A ) reaching values similar to those found in the young control group (P = 0.940; Mann-Whitney test).
When we compared the differences between test and training latencies, used as a memory measurement, we verified that aged groups presented significantly lower differences than young group (P = 0.029; Mann-Whitney test, Fig. 3B ). However, exercise aged groups showed significant higher latency difference than control aged group (P = 0.044 for control aged vs. exercise aged group and P = 0.026 for control aged vs. exercised and GT group; MannWhitney test; Fig. 2 ).
Open field, elevated plus maze and tail flick
Normal aging and the various interventions did not affect the number of crossings and rearing during the 5 min free exploration session at the open field (Table 1 -open field) . Similarly, no effect of aging nor of the various interventions were found on the total number of entries or in the time spent at open arms during the plus maze session (Table 1 -plus maze) neither in latency time to reaction in the tail flick (Table 1 -tail flick).
Biochemical results
Biochemical data for the different brain regions are shown in Table 2 . Rats from the aged control group presented lower antioxidant defenses (expressed by GSH levels and GPx activity) compared to the rats in the young control group (P = 0.002, P = 0.008 and P = 0.002, in hippocampus, striatum and prefrontal cortex, respectively, for GSH; P = 0.010 in hippocampus for GPx).
When comparing aged control group with the aged groups submitted to the different interventions, increased GSH levels were found in the exercise aged group in prefrontal cortex (P = 0.0043), and increased GPx activity was found in hippocampus (P = 0.0043) and in striatum (P = 0.041). Similar results were observed in the prefrontal cortex GSH (P < 0.0022) and Indicates difference when compared to young group (P < 0.05), and # indicates difference when compared to control aged group (P < 0.05). Data presented as mean and SEM. Statistical analysis was performed using Kruskal-Wallis test followed by Mann-Whitney test between specific groups.
striatum GPx (P = 0.041) when aged control group was compared to the exercise and GT supplementation aged group, in striatum GPx (P = 0.041) and cortex GSH (P = 0.015) when aged control group was compared to the GT supplementation aged group. Considering the oxidant markers, all interventions decreased ROS levels in the hippocampus and striatum compared to those observed in the aged control group (P < 0.01), but no change was observed in prefrontal cortex.
The lipid peroxidation (TBARS) was not altered in the intervention groups, which presented values similar to the aged control group, except for prefrontal cortex (P < 0.01) in the exercise aged group.
Discussion
Considering the importance of the activity of antioxidants along the aging process, here we show the influence of interventions based on physical exercise and GT, either by separate or associated, on memory and brain oxidative parameters of normal aging in rats. After biochemical and behavioral testing we observed memory deficits in the aged rats. Although such deficits were not reduced by GT supplementation per se, long term GT intake was associated with lower ROS levels and improvement in antioxidant defenses in rats.
Aged rats submitted to physical exercise (treadmill running) presented no memory deficits. In addition, these rats presented Table 1 Results of behavioral tasks. Aging and the diverse interventions had no effect on total time of exploration in the object recognition task (OR), or on locomotor and exploratory activities in the open field, onanxiety measured in the elevated plus maze or on pain threshold measured in the tail flick test. Data are expressed as mean ± SD of the total time of exploration for OR, number of crossings (open field), the time spent in the open arms (plus maze), and latency (tail flick). There were no differences between the groups (one-way ANOVA; n = 6-10 per group in all tests).
Behavioral tasks Groups
Young group Aged control group Exercise aged group GT aged group Exercise + GT aged group GSH was higher in young control group (P < 0.01) than aged control group. All interventions enhanced GSH in the prefrontal cortex when compared to the aged control (P < 0.01). Gpx values were higher in the young control group (P < 0.01) in the hippocampus, and in all interventions groups (3, 4 and 5; P < 0.05) in striatum. Hippocampal (P < 0.01) and striatal ROS (P < 0.01) decreased in response to all interventions (groups 3, 4 and 5). TBARS values were higher in the prefrontal cortex of exercise aged group (3; P < 0.01). * Statistical significant difference when compared to the aged control group (P < 0.05; Mann-Whitney test).
improved antioxidant status as well as reduced ROS levels. However, when combining physical exercise and GT supplementation we did not observe any additional improvement on biochemical and behavioral parameters monitored. The memory deficits in the aged control rats were evident in the object recognition (recognition long term memory) and inhibitory avoidance (aversive long term memory) tasks. These deficits were reverted in the aged control rats submitted to physical exercise, but not in the rats supplemented with GT. Cognitive performance after physical training is related to improved hippocampus activity (Berchtold et al., 2010; O'Callaghan et al., 2007; Radak et al., 2006) , and such improvements are most likely resulting from neuroplasticity in different brain regions related to learning and memory (Lin et al., 2012) , which may explain our result.
The effects of GT supplementation can be influenced by factors such as the age of the animal (Haque et al., 2008 (Haque et al., , 2006 , the duration of intervention (Haque et al., 2008; Rodrigues et al., 2013) , the dose concentration and animal species (Haque et al., 2008) and the bioavailability of the bioactive constitutes. The bioavailability of a compound indicates the fraction of the bioactive constituents that have been absorbed by the body and can mediate their biological actions at specific target tissue sites. We did not measure the bioavailability of GT in our study, but, it is know from literature that GT catechins are brain permeable (Nakagawa and Miyazawa, 1997; Suganuma et al., 1998) . Despite of this, the bioavailability of tea catechins is considered poor (Visioli, 2011) . In this sense, recent studies have addressed strategies to improve bioavailability of GT (Haratifar et al., 2014; Wang et al., 2014; Zou et al., 2014) .
It is important to consider that the GT presents other biocompounds that can contribute to GT neuroprotective effects, such as caffeine (Unno et al., 2009 ) and theanine (Tamano et al., 2013) . Additionally, GT contains large amounts of brain-accessible polyphenols; many of these compounds are monomeric catechins, which have been shown to exert antioxidant effects (Andrade and Assuncao, 2012) . In our study we assess the antioxidant and pro-oxidant markers in brain. We found that aged rats had lower brain antioxidant defenses when compared with young group, which may help to explain the worst performance in memory tasks in aged control rats. Additionally, our results suggest the onset of GT effects on oxidative status and antioxidants defenses early than observed for memory. While behavioral tasks were not improved in GT supplemented groups, we found higher GSH levels and GPx activity, both related with antioxidant defenses, in the prefrontal cortex and striatum, respectively, in both exercise aged group and exercise and GT supplementation aged group. It suggests the possibility that GT may eventually potentiate the effect of exercise exists. Previous investigations reported similar effects in the striatum after physical training (Somani et al., 1995) . In the hippocampus, only exercise promoted changes in the antioxidant defenses, which agreed with the concept that antioxidant enzymes activity may vary within brain regions and the effects of exercise may also depend on the brain region (Radak et al., 2013) .
Previous investigations eliciting favorable changes in glutathione levels and antioxidant enzymes activity after long term GT intake (Assuncao et al., 2011; Xu et al., 2010) had led us to expect effects of GT on cognitive parameters presumably dependent on those biochemical parameters. Others authors also report the effects of GT on neural plasticity. A period of 6-month of GT catechins administration increased levels of cAMP-response element binding protein (CREB) phosphorylation in the hippocampus and the expressions of brain-derived neurotrophic factor (BDNF), a target gene of CREB (Li et al., 2009) . The same authors verified that long term GT catechins administration prevents reductions of three representative proteins of synaptic function and synaptic structure, including brain-derived neurotrophic factor (BDNF), post-synaptic density protein-95 (PSD95) and Ca(2+)/calmodulin-dependent protein kinase II (CaMKII). Additionally, EGCG from GT can potentiates neuritogenic action of BDNF, and this effect requires only submicromolar concentrations of EGCG (Gundimeda et al., 2014) . These effects of GT on BDNF can also be related with GT effects on learning and memory and highlight that GT polyphenols can have a promising role in the reversal of age-related loss of neuronal plasticity and recovery after neuronal lesions associated with aging (Andrade and Assuncao, 2012) .
Here, we measure the effects of GT on biochemical markers. The reduction in ROS most likely results of the activity of GT catechins as radical scavenger (Assuncao et al., 2011) . Haque et al. (2008) reported reduced hippocampal lipoperoxides and ROS levels after long-term GT administration in rats. We highlight this result since the memory impairment observed with aging has been suggested as a result of increase in the ROS levels. Although significant in our experiments, the magnitude of these effects may also rely on the doses administrated. Haque et al. (2006) observed benefits of 5 g/L intake during 26 weeks with ROS levels measured in the hippocampus but not in prefrontal cortex. Here we found effects in hippocampus and striatum, but not in the prefrontal cortex after 3 months of supplementation with GT. Similar effects were observed for physical exercise group. In the prefrontal cortex GT had any detectable effect. However, we observed increase in TBARS, suggesting increased lipid peroxidation (Coskun et al., 2005) . ROS levels were lower in both physical exercise groups compared to control, which denote the protective effect of exercise against oxidative stress and inflammation in the brain (Gerecke et al., 2013) .
Conclusion
GT per se was not effective to avoid memory deficits associated with aging, but significantly decreased ROS levels and improved antioxidant defenses.
Physical exercise improved all biochemical and memory parameters tested. Associating GT supplementation and physical exercise was not related to additional improvements in memory or biochemical markers in aged rats.
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